The time-dependent elastic field generated by the sudden formation of localized cracks in periodically layered composites which has been initially subjected to a system of stresses is determined. Similarly, the elastic field caused by the diffraction of an incident plane pulse in elastic material with a localized crack, cavity or inclusion is established. As a result of these localized effects the periodicity of the system is lost and a repeating unit cell in the composite cannot be identified and analyzed anymore. These effects are represented, in conjunction with the continuum damage mechanic concepts, by eigenstresses which for the general case of an orthotropic constituent include nine independent damage variables. The method of solution is based on the combination of two distinct approach. In the first one, the representative cell method is employed according to which the periodic composite, which is discretized into several cells, is reduced to a problem of a single cell in the discrete Fourier transform domain. The resulting elastodynamic equations, initial, boundary and interfacial conditions in the transform domain are solved by employing a wave propagation in composite analysis which forms the second approach. This theory has been presently generalized to include the initial stresses in the composite and to accommodate the eigenstresses which include the damage variables. The accuracy and reliability of the present method of solution is verified by comparisons with five different cases where either analytical solutions are available or a different method of analysis is used. Five applications are presented which include, in particular, the prediction of the dynamic field generated by the sudden appearance of H-cracks in a periodically layered ceramic matrix composite that is subjected to initial in-plane tension, in-plane and out-of-plane shears.
Introduction
The investigation of the response of composite materials to dynamic loading is of a technological importance since they are frequently subjected to sudden load applications. The understanding of their behavior under dynamic loading may be utilized in non-destructive evaluations. This is particularly so when the composite may include defects such as cracks, cavities and inclusions (Sih and Chen, 1981) .
In a recent investigation, Aboudi and Ryvkin (2011) proposed a methodology for the prediction of the response of periodically layered composites that are subjected to initial stresses as a result of which transverse cracks suddenly appears. The method of solution was based on the construction of dynamic Green's functions which by superimposing their resulting field at any instant on the initial stresses, result in traction-free cracks. This approach was successful for transverse cracks which are oriented in the perpendicular direction to the layering.
In the present article a different approach is offered for the analysis of periodically layered composite with cracks oriented in both directions. This type of cracking forms in ceramic matrix composites in which a transverse crack perpendicular to the layering direction leads to layer debonding on the opposite sides of the layer thus forming two longitudinal cracks (i.e., an H-crack). This type of flaw has been extensively investigated, see He and Hutchinson (1989) , Chan et al. (1993) , and Leguillon et al. (2000) for example. In addition, the time-dependent response to the sudden formations of cavities and inclusions in the surrounding initially stressed material is another type of problems that can be investigated by the present development. It should be emphasized that due to the appearance of these localized flaws in periodically layered composites, the periodicity is lost and the method of solution cannot be based on the identification and analysis a repeating unit cell anymore. It is worth mentioning that several attempts for the construction of dynamic Green's functions approach that was followed by Aboudi and Ryvkin (2011) failed to generate the correct field in the case of periodically layered composite with an H-crack.
In the present investigation, the localized effects are modeled by utilizing the concepts of continuum damage mechanics, see Voyiadjis and Kattan (2005) and Lemaitre and Desmorat (2005) , for example. To this end, the constitutive equations are formulated by the inclusion of terms which involve damage variables and subsequently representing these terms as eigenstresses. This novel approach has been successfully implemented by Aboudi and Ryvkin (2012) in elastostatic problems and is further generalized here to the present elastodynamic case.
The present methodology is based on the combination of two distinct approaches. In the first one, referred to as the representative cell method which for the static case was formulated by Ryvkin and Nuller (1997) , the discrete Fourier transform is applied on the periodic composite in which the localized effects have been included. As a result, a representative cell elastodynamic problem with initial and specific boundary conditions is obtained in the transform domain which requires the analysis of just a single cell which is a significant advantage. The second approach forms the method of solution of the representative cell dynamic initialboundary value problem in the Fourier transform domain. This is performed by adopting the continuum wave propagation in composites analysis that was originally proposed by Aboudi (1987) , but was confined to specific types of dynamic loadings that required the existence of certain symmetries. This analysis has been generalized by Aboudi and Ryvkin (2011) to accommodate any type of loading irrespective whether symmetry exists or not. In the present investigation a further generalization of the wave propagation in composites analysis is needed to accommodate the initial stresses that may exist prior to the formation of the flaws and to include the aforementioned time-dependent eigenstresses which involve the damage variables. In the framework of this analysis the (single) representative cell is divided into several subcells and the transformed time-dependent displacements are expressed by second-order expansion in terms of local coordinates of the subcells. The elastodynamic equations and all the relevant interfacial continuity and boundary conditions of the displacements and tractions are imposed in the average sense. The inverse transform provides the actual field variables at any point in the considered region.
The accuracy of the present method of solution is verified in five distinct circumstances for which analytical or a different solution methodology exists. These include the sudden appearance in an initially stressed solid of semi-infinite cracks in Mode I and III deformation, the diffraction of horizontally shear waves in a material with a semi-infinite crack, unloading waves emanating from the sudden formation of a cavity and the sudden break of a single layer in a periodically layered composite.
This article is organized as follows. It starts by the formulation of the problem where the constitutive equations of the orthotropic material are presented with eigenstresses which involve nine independent damage variables (isotropic materials would involve two independent damage variables). This is followed by the method of solution section where the representative cell method and the wave propagation in composite analyses are presented and discussed. The details of the latter which includes the initial stresses and the eigenstresses are given in the Appendix. For periodically layered composites subjected to initial stresses, the corresponding induced initial strains distributions in the composit's layers are established. For a fiber reinforced material, on the other hand, a micromechanical analysis must be employed for the determination of the initial strains distribution in the constituents. The next section gives the details of the verifications of the offered method of solution followed by five types of applications. The article is concluded by a summary and possible future research.
Problem formulation
Consider a linearly elastic composite which is initially subjected to a system of stresses r 0 . It is assumed that at time t ¼ 0 flaws of certain configurations suddenly appear. Fig. 1(a) shows, for example, a periodically layered composites with two longitudinal cracks extending in the x 2 -direction together with a transverse crack in the x 3 -direction thus forming an H-crack which is assumed to appear at t ¼ 0. In the absence of the two longitudinal cracks a periodically layered composite with a broken layer is obtained. In the absence of any flaw, a periodically layered composite is obtained. For isotropic layers, the overall behavior of the composite can be described by an equivalent transversely isotropic material in which the axis of symmetry is oriented in the x 3 -direction. The five effective elastic constants are given in a closed-form manner by Postma (1955) . In the absence of layering, these two configurations correspond to an initially stressed homogeneous material with a sudden formation of an H-crack and transverse crack, respectively. The sudden formation of the cracks in the latter case can be replaced, for example, by the sudden appearance of a circular cavity in homogeneous material. In the present investigation, the dynamic field at t > 0 that is caused by the sudden formation of these defects is sought.
It is also possible to consider the periodically layered composite with cracks but in the absence of initial stresses (r 0 ¼ 0). In this case the composite is excited by the application at time t ¼ 0 of a time-dependent loading. The resulting dynamic field which is predicted by the present analysis describes the time variations of the composite's response to this impulsive loading.
The constitutive equations of the considered materials are given by:
r jk ¼ C jklm lm ; j; k; l; m ¼ 1; 2; 3; ð1Þ where r jk , jk and C jklm are the components of the stress, strain and stiffness tensors, respectively. The latter tensor is assumed to represent, in general, orthotropic materials (with nine independent constants). Eq. (1) can be re-written in reduced notation as:
In order to include damage effects in the periodically layered material which, as shown in the following, will enable the modeling of these defects, nine independent damage variables 0 6 D pq 6 1, p; q ¼ 1; 2; . . . ; 6, are introduced to be associated with the corresponding nine independent stiffness constants C pq . Thus, Eq. (2) takes the form
As in Aboudi and Ryvkin (2012) , this equation is re-written in the form
where r e p are eigentresses whose time-dependent components are:
For elastic isotropic materials just two independent damage variables would be needed, c.f., Ju (1990) . For cracks and cavities, D pq ¼ 1 in the regions at which they are located. For soft inclusions (with respect to the surrounding matrix) the entire region is characterized by the stiffness properties of the matrix and the values of 0 6 D pq 6 1 are appropriately determined by the corresponding values of C pq . Assume, for example, that C It should be emphasized that the introduction of the damage variables 0 6 D pq 6 1 in Eq. (3) or (4) forms a mean to deteriorate the values of the elastic stiffness elements C pq . Thus, for soft inclusions (with respect to the surrounding matrix) for example, 0 6 D pq 6 1 are appropriately selected in the specific regions only where the inclusions are located. To analyze cavities, on the other hand, D pq ¼ 1 in the regions where they are located so that the C pq would vanish there. When a crack is considered, setting D pq ¼ 1 in the region along its line reduces the elastic stiffnesses there to zero. In all the other regions where no flaws in the form of soft inclusions, cavities or cracks exist, D pq ¼ 0.
The elastodynamic equations of the material that governs its motion are
where u j are the time-dependent displacement vector components and q is the mass density of the relevant material. These equations must be satisfied in every layer, in conjunction with the interfacial, boundary and the initially applied stress r 0 , as discussed in the following.
Method of solution
The method of solution of the problems of the type described above is based on the combination of the representative cell method which was originally presented by Ryvkin and Nuller (1997) in the elastostatic case, and the generalized analysis of wave propagation in composites which was originally presented by Aboudi (1987) and more recently by Aboudi and Ryvkin (2011) . Further generalization of the latter analysis is presently needed to incorporate the presence of initial stresses r 0 and the eigenstresses r e .
The representative cell method
According to the representative cell method (not to be confused with the representative volume element (RVE) concept which obviously does not exist in composites with localized damage that are considered in the present investigation) a rectangular region ÀH 6 x 2 6 H, ÀL 6 x 3 6 L of the periodically layered composite is considered which includes the localized damage region, see 
3 Þ is introduced the origin of which is located at the center. The size of the subcell is hb Â lc. Fig. 1(b) . This region is divided into ð2M 2 þ 1Þð2M 3 þ 1Þ cells ( Fig. 1(b Fig. 1(c) .
The elastodynamic Eqs. (6) of the material within cell ðK 2 ; K 3 Þ take the form
The constitutive Eqs. (4) in the cell can be written as
where the components of the eigenstress are
In order to formulate the continuity conditions that the various variables should fulfill, let us define the vectors V
These vectors assemble the time-dependent components of the displacements u
; and traction components r
on a plane perpendicular to the x r -axis at the cell
The continuity of displacements and tractions between adjacent cells should be imposed. Thus, 
2 6 h. In the following, the boundary conditions that specify the elastic field at the opposite sides x 2 ¼ AEH, x 3 ¼ AEL of the rectangle of Fig. 1(b 
Eqs. (13) and (14) are valid in the following two cases. (a) When the boundaries at AEH and AEL are taken to be sufficiently far away from the localized damage such that the elastic field there can be assumed to be unaffected by the perturbation. This approach has been implemented in the elastostatic case by Aboudi and Ryvkin (2012) , Ryvkin and Aboudi (2012) and Aboudi (2012) .
(b) The localized damage is symmetrically located within the composite such that equal tractions exist at the opposite boundaries AEH and AEL.
The displacements at the opposite sides AEH and AEL differ by certain time-dependent amounts as follows 
where
The application of this transform to the boundary problem (7)- (16) for the rectangular domain ÀH < x 2 < H, ÀL < x 3 < L, divided into ð2M 2 þ 1Þð2M 3 þ 1Þ cells, converts it to the problem for the single representative cell Àh < x 0 2 < h, Àl < x 0 3 < l with respect to the complex valued transforms. The elastodynamic and constitutive equations have the form
where the components of the transformed eigenfield vector components are given bŷ
The conditions relating the opposite boundaries of the representative cell in an elastostatic problem were derived by Aboudi and Ryvkin (2012) . By generalizing their approach to the present elastodynamic problem, one obtains from (11)- (16) 
. In these equations, d p;q denotes the Kronecker delta.
Wave propagation in composites analysis
The representative cell initial-boundary value problem (19)- (25), formulated in the transform domain where the identity of the cells disappeared, is solved by employing the analysis for wave propagation in composite materials that was described by Aboudi and Ryvkin (2011) . According to this theory, the domain Àh 6 x 0 2 6 h, Àl 6 x 0 3 6 l (the representative cell) is divided into several rectangular subcells. The transformed time-dependent displacement vector is expanded into a second-order polynomial, and the transformed elastodynamic equations, interfacial and boundary conditions are imposed in the average (integral) sense. As a result, a system of ordinary differential equations is obtained whose solution determine at any instant the field variables in the transform domain. Since in the present problem initial stresses r 0 and eigenstresses r e are incorporated in the theory, the wave propagation in composites analysis which includes these contributions is condensed in the Appendix.
As a result of the imposed initial stress r 0 , this analysis requires the knowledge of the resulting strains in the phases caused by the externally applied r 0 .
For a homogeneous material with localized damage, 0 is simply given by
where S jklm are the components of the compliance tensor (S ¼ C À1 ).
From this relation the expressions for 0 in the transform domain can be readily established.
For a periodically layered material, the resulting strains in the two layers (labeled by f and m) are determined from the following conditions (see Fig. 1(a) ). For fiber-reinforced composites, the resulting initial strains in the constituents must be determined by employing a micromechanical analysis that provides the strain concentration tensor A ðphaseÞ which relates the strains in the phase to the externally applied strain. Together with the micromechanically predicted effective compliance tensor S Ã , the relations between the strains in the phases and the externally initially applied stress r 0 are given by
see Aboudi (2004) , for details. Thus the transformed strains in the phase 0ðphaseÞ can be micromechanically established. Once the solution in the transform domain has been established at time t, the actual elastic field can be readily determined at any point in the desired cell ðK 2 ; K 3 Þ of the considered rectangular region ÀH 6 x 2 6 H, ÀL 6 x 3 6 L by the inverse transform formula whose form for the displacements, for example, is:
It should be noted that in the elastostatic case the eigenstress r e is not known in advance and therefore, an iterative procedure was needed to establish the solution, see Aboudi and Ryvkin (2012) . In the present elastodynamic case, on the other hand, the eigenstress r e , just like the other field variables, being established at time t, the incremental procedure Eq. (A.54) readily provides the elastic field at the next time t þ Dt and no iterations are required.
Verifications
In the present section, the reliability of the offered approach for the prediction of the dynamic field distributions caused by the sudden formation of a localized damage or the diffraction of a plane pulse by a semi-infinite crack is verified by comparisons with either analytical solutions or other method of analysis. In all cases presented in the following, the representative cell, Fig. 1(c) , is selected as a square: Fig. 1(d) .
4.1. The sudden formation of a semi-infinite crack in homogeneous material: mode I and III deformations
In Fig. 2(a) and (b), comparisons between the present approach and the analytical solution of Baker (1962) for the sudden appearance of a semi-infinite crack in a homogeneous elastic isotropic material in Mode I deformation are presented. The material is initially subjected to a stress r 0 22 in the absence of applied displacements, i.e., d 2 ¼ d 3 ¼ 0 in Eqs. (15) and (16). The semi-infinite crack appears at time t ¼ 0 and extends along x 3 =ð2lÞ 6 1:5 at x 2 ¼ 0. The generated stress r 22 variations (normalized with respect to r 0 22 ) ahead of the crack tip at time c p t=ð2lÞ ¼ 1 and 2 are shown in this figure, where c p is the compressional wave speed in this material whose Poisson's ratio is m ¼ 0:33. Excellent agreements with the analytical solution of Baker (1962) in both times can be observed.
Consider next the corresponding Mode III deformations generated by the sudden formation of a semi-infinite crack in the same material which is initially subjected to a stress r 0 12 . Here, a simple closed-form solution exists which for a semi-infinite crack extending along x 3 6 0 it can be written in the form (see Freund (1990) , for example)
where c s is the shear wave speed in the material. Fig. 2(c) and (d) show the comparisons at time c s t=ð2lÞ ¼ 1 and 2 between the present approach and the above closed-form solution. Here too excellent agreements exist.
Diffraction of horizontal shear waves by a semi-infinite crack
An analytical solution for the wave motion generated by SH plane pulse diffracted by a semi-infinite crack which extends along x 3 P 0 is available, see Achenbach (1973) and Handelman and Rubenfeld (1969) . The incident wave whose front is parallel to the crack is described by the displacement in the x 1 -direction
where ðr; hÞ is a polar coordinate system whose origin is located at the tip of the crack, U 0 is an amplitude factor and gðtÞ is a function that describes the temporal dependence with gðtÞ ¼ 0 for t 6 0, rising to gðtÞ ¼ 1 for t P t 0 . In (32), t denotes the instant at which the wave strikes the crack. 
with c s t 0 =ð2hÞ ¼ 0:1. These boundary conditions are applied at x 2 ¼ H which is at distance h away from the crack line and therefore, the incident wave strikes the crack at time t ¼ c s t=ð2hÞ ¼ 0:5. In order to ensure that no reflected waves arrive from the opposite boundary at x 2 ¼ ÀH, the parameter M 2 is taken to be sufficiently large. Fig. 3(a) - (c) show comparisons between the resulting stresses r 12 obtained by the present approach and the above analytical solution at time c s t=ð2hÞ ¼ 1, 2 and 3. In this figure, the semi-infinite crack extends along x 3 =ð2lÞ P À1:5 at x 2 ¼ H À h. It is clearly seen that excellent correspondence between the two solutions exists. It should be noted that the present application illustrates the case when the response is not caused by the sudden formation of a flaw (presently a crack) in conjunction with existing initial stresses. Rather, a time-dependent loading, Eq. (32), has been applied in the absence of initial stresses. 4.3. Nicalon/glass periodically layered composite with a broken glass layer Fig. 1(a) shows a periodically layered composite with a transverse and two longitudinal cracks. In the absence of the latter two cracks a layered composite with a broken layer is obtained. Periodically layered composites with a broken layer under dynamic loading have been extensively investigated by Aboudi and Ryvkin (2011) . The analysis there was based on generating dynamic Green functions which together with the pre-stress field yields a traction-free crack. This approach can be employed to assess the validity of the present method which is based on the concept of continuum damage and eigenstresses. To this end consider a Nicalon/glass periodically layered ceramic composite. The properties of these materials are given in Table 1 and layers widths t f ¼ t m . The initially applied stress on the composite is r 0 22 , which results in a system of induced strains in the layers which can be determined by solving the six equations given by Eq. (27). As a result, the transverse crack forms at time t ¼ 0. Fig. 4 
Unloading waves emanating from a punched hole
As a last test for the verification of the present approach, consider the problem of unloading waves generated from a suddenly punched hole of radius a of a stretched elastic material. This problem has been solved analytically by Miklowitz (1960) in the framework of plane stress analysis for a thin plate. As indicated by Miklowitz (1960) , the dynamic stresses created during the punching process might provide information on the issue of plugging in armor-perforation studies since high values of circumferential stresses near the hole could create radial cracks.
In terms of the polar coordinates ðr; hÞ, the elastic plate is subjected to an initial stress r 0 rr which rises from zero at time t ¼ 0 to its final value r 0 at t P t 0 . The resulting circumferential stress r hh at position r and time t is given by r hh ðr;
and (a) (b) (c) Fig. 3 . The stress r12 variations, normalized with respect tor12 ¼ lU0=ð2lÞ where l is the rigidity of the material, ahead of the tip of a semi-infinite crack which is extending along x3=ð2lÞ P À1:5 at x2 ¼ 0. Comparisons between the present and analytical approaches. The deformation has been generated by an incident SH wave at: (a) cst=ð2lÞ ¼ 1, (b) cst=ð2lÞ ¼ 2 and (c) cst=ð2lÞ ¼ 3. 
The function f ðr; tÞ is given by
where A; . . . ; G are expressions which are given in terms of the Bessel functions of the first and second kind. In these equations, c denotes the compressional wave velocity of the material in this plane-stress formulation, namely c ¼ E=½qð1 À m 2 Þ, where E and m are the Young's modulus and Poisson's ratio, respectively. The above analytical solution of Miklowitz (1960) is utilized herein by its modification from a plane stress to plane strain formulation in the plane x 2 À x 3 . As a result of this modification, the compressional wave speed c takes the standard form
In addition, the initial stress in the present framework is specified as r 
Applications
Having verified the present approach by comparisons with other methods of analyses, five applications are given herein which illustrate the capability of the present method in solving the following elastodynamic problems.
The sudden formation of a circular cavity caused by three types of initial stresses
In the analytical solution of Miklowitz (1960) with which the present method has been verified was for the sudden formation of a circular cavity in an elastic material which was subjected to initial biaxial stresses. Let us consider presently the cases in which the initial stresses take the following form: 
Diffraction of longitudinal waves by a stiff a inclusion embedded in a matrix
In Figs. 5-8, the dynamic stresses created by the sudden formation of a cavity within an infinite elastic material that has been initially subjected to various types of stresses were presented. Presently, the diffraction of dilatational waves by an inclusion embedded within an infinite elastic material is considered. It is assumed that the inclusion is stiffer that the surrounding matrix. Referring to Eq. (15), the incident dilatational pulse is applied at time t ¼ 0 at the surface x 2 ¼ H, Fig. 1(b) , in the form
where the time dependent function gðtÞ rises from gð0Þ at t ¼ 0 to gðtÞ ¼ 1 at t P t 0 . The center of the inclusion is located at a distance x 2 ¼ h from x 2 ¼ H. Specifically, the Nicalon and glass materials which have been characterized in Table 1 are taken as the inclusion and the matrix, respectively. The radius of the circular inclusion is a=ð2lÞ ¼ 0:282 which corresponds an inclusion whose area is 0:25=ð2lÞ 2 . As previously discussed, the entire region in the present case is characterized by the Nicalon's elastic properties with the damage variables appropriately specified in the inclusion and the matrix region. The resulting response in a series of consecutive events: c G p t=ð2hÞ ¼ 0:25 to 0:5 is shown in Fig. 9 at x 2 ¼ H À h along x 3 with c G p t 0 =ð2hÞ ¼ 0:1 rise time. As it can be observed, after the arrival of the pulse and striking the inclusion a series of patterns result which becomes more and more complicated as the time increases. This is due to the reflections, refraction and diffractions of waves caused by the different materials occupying the matrix and inclusion. The complexity of the response caused by the scattering of a compressional plane pulse by a circular inclusion has been discussed by Miklowitz (1978) . 
The sudden formation of an H-crack in periodically layered composite created by an initial tensile stress
In a recent investigation Ryvkin and Aboudi (2012) , the stress distributions in periodically ceramic layered composites with several systems of transverse crack and two longitudinal cracks caused by static loadings have been investigated. These configurations simulate the branching along a weak interface in layered ceramic composites, see Chan et al. (1993) for example. It should be interesting to study the corresponding elastodynamic case in which an H-crack suddenly forms at time t ¼ 0 as a result of the initial application of a tensile loading r 0 22 in the 2-direction. The composite consists of Nicalon/glass periodic layers (see Table 1 ) of equal widths t f ¼ t m and the cracks forms in the weak glass layer. Fig. 10(a) and (b) exhibit the resulting stress distribution r 22 =r 0 22 in the region À1 6 x 2 =ð2hÞ 6 1; À1 6 x 3 =ð2lÞ 6 1 at time c G p t=ð2hÞ ¼ 0:5 and 1, where c G p is the longitudinal wave speed in the glass layer. High stresses at the vicinity of the longitudinal cracks are obtained which indicate the existence of theoretical singularities there. For a very long time t ! 1, the static case should be recovered. This is shown in Fig. 10 (c) which has been generated by employing the elastostatic analysis described by Ryvkin and Aboudi (2012) . Fig. 12 .
The stress distribution in a layered composite with H-cracks have been extensively discussed by Ryvkin and Aboudi (2012) in the elastostatic case where the influence of the constituents volume fractions, elastic moduli ratios and H-crack aspect ratios on the stress fields are examined, and the shielding effect of the debonding cracks is quantified. Based on the presently generated stress distributions created under dynamic circumstances, similar investigations can be carried out to detect, for example, the weak locations in a given H-crack configuration at which high stresses are predicted by the present analysis where failure caused by the dynamic effects can be expected.
Conclusions
A novel approach has been developed for the prediction of the time-dependent elastic field generated by the sudden formation of localized cracks and cavities in initially stressed materials and layered composites. In addition, this methodology enables the analysis of the diffraction of waves by cracks, cavities and inclusions. Here no initial stresses exist; rather the dynamic response has been caused by the application of a time-dependent loading of a composite with an existing crack or inclusion. The analysis is based on combining two approaches namely, the representative cell method and wave propagation in composites analysis. It also involves continuum damage mechanics considerations where the terms that involve the damage variables are represented as eigenstresses. The reliability of the present approach has been verified by comparisons with other method of solutions.
Several applications has been presented which include the sudden formation of a cavity in elastic material and the diffraction of waves by a stiff inclusion. In particular, the present theory has been applied to periodically layered ceramic composite with H-cracks. The H-cracks were assumed to suddenly form due to an existing initial stress in the periodically isotropic layers. Once the ability to predict the response of the composite in this case has been established, it should be possible to extend this analysis to the more important situation where transverse cracks appear in a ceramic cross-ply laminate (where each layer is anisotropic material which effectively represents a unidirectional fiber reinforced composite). Under a quasi-static tensile loading along the axial (0-degree) direction, these transverse cracks slightly debond the 0=90 interfaces and are arrested, but further intense loading generates H-cracks. Furthermore, these cracks appear in a periodic manner. The present dynamic analysis can be generalized by considering ceramic cross-ply laminates with several H-cracks investigated in the elastostatic case the stress distributions in the presence of a triple system of H-cracks in a layered ceramic matrix composite) and generate the resulting time-dependent response caused by the sudden application of impulsive loadings. Such a generalization would form a mean for a non-destructive evaluation of composite laminates by studying their behavior under time-dependent loadings.
The offered method can be also extended for the prediction of the dynamic response of doubly periodic unidirectional fiber reinforced composites with localized effects such as cracks formation or partial or full fibers loss. In addition, extensions to non-circular cavities and inclusions are possible. It is also possible to employ the present approach for the study of the interaction between a crack and inclusion or cavity. Finally, the method can be further generalized to three dimension for the analysis of triply periodic fibrous composites with, for example, the sudden breakage of a fiber which causes a branching along the fiber-matrix interface (interfacial debonding). A recent review article by Talreja and Singh (2008) and a book, Talreja and Singh (2012) , discuss this and other types of damage in unidirectional ceramic matrix composites.
Appendix A. The analysis of two-dimensional wave propagation in composites with initially imposed stresses and eigenstresses Consider a periodically layered or a doubly periodic composite that is initially subjected to externally applied system of stresses r 0 which generate initial strains in the constituents. In addition, the eigenstresses r e in Eq. (4) are accounted to. Subsequently, at time t ¼ 0 an impulsive tractions and/or displacements loadings are applied. In this Appendix, a continuum model is developed for the analysis and prediction of the resulting response of the composite, limiting the analysis for two-dimensional wave propagation relevant for the present investigation.
In the absence of initial and eigen stresses, this continuum model has been originally presented by Aboudi (1987) and Aboudi (1988) to deal with specific types of impactive loading which preserve certain symmetries of the wave motion, but has been generalized by Aboudi and Ryvkin (2011) to accommodate any type of applied boundary conditions irrespective of whether a symmetry exists or not.
The derived continuum theory results into a system of second-order equations in time. This system can be easily solved by an explicit step-by-step procedure in time, and the resulting time-dependent displacements and stresses response can be recorded at any station within the multiphase material.
Consider the case of two-dimensional wave propagation such that there is no dependence of any field variable on the direction x 1 . In this two-dimensional theory all variables depend only on the in-plane coordinates in addition to the time t. The considered region in which the dynamic response is sought, (which in the framework of the representative cell approach it is specified by À2h 6 x 
3 Þ are local coordinates whose origin is located at the center of the subcell ðbcÞ, see Fig. 1(d) .
The displacement field in subcell ðbcÞ is approximated by a second-order expansion in the local coordinates ð x Aboudi (1987) can be expressed in terms of the surfaceaverage of the tractions evaluated at the surfaces x and averaging the results over the surface of the subcell followed by integration by parts, the following two sets of three relations are obtained 
